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ABSTRACT 
 
 
 
 
Starch, as readily available biomass source, low in cost and renewable biodegradable 
material, has not been paid enough attention by researchers as a promising candidate for 
developing sustainable materials. Starch is also referred to as a polysaccharide, mainly 
composed of two homopolymers of D-glucose, amylose and amylopectin building unit. 
The present study reports on the chemical modification of starches derived from locally-
grown rice and sago to low molecular weight organic gelators (LMWOGs) for 
application in template-assisted synthesis of porous materials. Both rice and sago starches 
were modified chemically via acid hydrolysis in aqueous solutions (pH < 2) in order to 
break down the long branched chain of polysaccharides into much smaller 
monosaccharide chains of ß-D-glucose. The presence of ß-D-glucose was confirmed by 
Benedict’s test, FTIR and NMR spectroscopy. The starch derived either from rice or sago 
showed similar chemical characteristics but exhibited significant differences in their 
granular arrangements. The rice starch granules were polygonal in shape while those of 
sago starch were oval shaped as revealed by FESEM micrographs. Synthesis of 
mesoporous silica-based materials with high surface areas (756 m2 g-1) were performed 
by employing ß-D-glucose, as organic gelator template and tetraethyl orthosilicate 
(TEOS) as silica precursor, in a typical HCl-catalyzed sol-gel process. The nature of 
interaction between silica and LMWOGs was investigated. The results show that 
LMWOGs act as template for the structuration of silica and the electrostatic interactions 
at the template-silica interface contribute to the porosity of the materials. The template 
removal by water as an extraction solvent and followed by calcination at 400°C were 
evaluated as the best template removal method. Based on the nitrogen adsorption-
desorption isotherms, the pore parameters of the mesoporous silica depend primarily on 
the amount ratio of modified starch to silica precursor (in % v/v). At low amount of 
template used (< 40 % v/v) materials with micropores dominant were formed. As the 
template concentration is increased in medium amount ranging from 45 to 65 %v/v, the 
relative contribution from mesopores becomes dominant while the presence of excess 
amount of template resulted in low pressure hysteresis, suggesting the presence of 
ultramicropores. The mesoporous silica material was inserted with different titanium 
loadings (1, 3 and 5 wt.%) to generate titanium-silicate catalysts for the oxidation of 1-
naphtol to 1,4-naphtoquinone. The catalyst containing 1 wt.% titanium which possessed 
the highest amount of tetrahedral titanium species as active sites exhibited the highest 
conversion (44 %) of 1-naphtol towards 1,4-naphtoquinone.  
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ABSTRAK 
 
 
 
 
Kanji adalah sumber biojisim tersedia, murah dan bahan terbiodegradasi yang boleh 
diperbaharui, namun potensinya kurang diberi perhatian oleh penyelidik sebagai pilihan 
untuk membangunkan bahan mampan. Polisakarida kanji terdiri daripada dua 
homopolimer D-glukosa iaitu struktur kerangka unit amilosa dan amilopektin. Kajian ini 
melaporkan pengubsuaian kimia bagi kanji diperolehi daripada beras dan sagu tempatan 
sebagai “gelator organik bermolekul kecil” (LMWOGs) untuk sintesis bahan berliang 
dengan berbantukan templat. Kedua-dua beras dan sagu diubahsuaikan secara kimia 
melalui hidrolisis berasid dalam larutan akues (pH<2) bertujuan memutuskan rantaian 
panjang polisakarida kepada monosakarida ß-D-glukosa berantai lebih pendek. 
Kehadiran ß-D-glukosa telah ditentusahkan oleh ujian Benedict, spektroskopi FTIR dan 
NMR. Kanji yang didapati daripada beras atau sagu menunjukkan ciri kimia serupa 
namun berbeza dalam susunan butirannya. Kanji dari beras berbentuk poligonal 
manakala butiran daripada kanji sagu adalah berbentuk butiran bujur telur seperti yang 
dirakam dalam mikrograf FESEM. Sintesis bahan berliang meso berasaskan silika 
dengan luas permukaan (756 m2 g-1) dilakukan dengan menggunakan ß-D-glukosa 
sebagai templat “gelator organik bermolekul kecil” (LMWOGs) dan tetraetilortoslilikat 
(TEOS) sebagai silika prekursor dalam proses sol gel lazim bermangkin HCl. Bentuk 
interaksi antara silika dan LMWOGs telah dikaji. Hasil kajian mendapati bahawa 
LMWOGs bertindak sebagai templat untuk penstrukturan silika dan interaksi 
elektrostatik pada antara-muka  silika dan templat menyumbang kepada sifat keliangan 
bahan tersebut. Penyingkiran templat menggunakan air sebagai pelarut pengekstrakkan 
diikuti pengkalsinan pada suhu 400°C dinilai sebagai kaedah penyingkiran templat 
terbaik. Berasaskan analisa isoterma penjerapan-nyahjerapan nitrogen didapati bahawa 
parameter liang sangat berkaitan dengan nisbah jumlah kanji terubah suai terhadap silika 
prekursor (TEOS) (dalam v/v %). Penggunaan templat yang sedikit (<40%) 
menghasilkan bahan yang mempunyai liang mikro yang dominan. Apabila penggunaan 
templat bertambah (dari 45%v/v hingga 65%v/v) menghasilkan liang meso yang 
dominan, manakala dalam kehadiran templat berlebihan histerisis bertekanan rendah 
berlaku kemungkinan kerana kehadiran liang ultramikro. Bahan silika berliang meso 
kemudiannya diselitkan dengan pelbagai muatan titanium (1 wt. %, 3 wt. %, dan 5 wt. %) 
secara pasca-sintesis untuk menghasilkan mangkin titanium silikat untuk pengoksidaan 
naphtol kepada 1,4-naphtokuinon. Mangkin dengan muatan % Ti 1 wt. yang juga 
mempunyai kehadiran paling banyak titanium tetrahedral menunjukkan penukaran paling 
banyak 44% hasil 1,4-naphtokuinon.  
